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The critical synthetic access to odd-numbered calix[n]arenes has evidently resulted in less attention for these macrocycles, although specific
molecular recognition phenomena have been observed for some of them. A straightforward fragment coupling approach has been designed,
applying kinetically controlled nucleophilic aromatic substitution reaction conditions, affording odd-numbered oxacalix[n]arenes (n = 5, 7)
selectively in high yields. The solid-state conformational behavior and the oxacalix[n]arene cavity size were explored by single-crystal X-ray

diffraction studies.

Heteracalixarenes,>’ emerging members of the [1,]meta-
cyclophane family in which the classical methylene bridges
are replaced by heteroatoms, currently rejuvenate conven-
tional calixarene chemistry. The conformational behavior,
size, and structure of the cavity of this novel generation of
cyclooligomers may be fine-tuned by the bond lengths and
bond angles of the bridging heteroatoms, enhancing their
molecular recognition ability. Nowadays, straightforward
protocols toward heteracalixarenes (mostly S-,2 N-,*4 and
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O-bridged™®) and postmacrocyclization functionalizations of
these macrocycles are frequently appearing in the literature.
All procedures toward O-bridged heteracalixarenes’ re-
ported to date focus on the preparation of oxacalix[n]arenes,
wherein n is an even number between 4 and 12, either
directly starting from monomeric precursors or by means of
a stepwise approach. The vast magjority of oxacalix[n]-
(het)arenes have been synthesized by nucleophilic aromatic
substitution (SyAr) reactions involving a nucleophilic m-
dihydroxybenzene component and an electrophilic 1,3-
dihalogenated (hetero)aromatic building block. Careful op-
timization of the SyAr reaction conditions has usually
afforded the oxacalix[4]arene predominantly over other
cyclooligomers and noncyclic materials by thermodynamic
control.>® Recently, more kinetic conditions have been de-
veloped affording larger oxacalix[n]arenes (n = 6, 8) or
poly(m-phenylene oxides) selectively in good yields.® !



Calix[n]arenes with an odd number of aromatic units (n
= 5, 7) are much less prominent as they are less readily
obtained. As a consequence they have been considerably less
studied, notwithstanding their specific host—guest properties
imposed by the particular diameter and shape of the
macrocycles.® Odd-numbered (homo)heteracalixarenes are
aso rare.®° A few azacalix[n]arenes (n = 5, 7) and N,O-
bridged calix[n]arenes have recently been prepared by
stepwise strategies.® © To the best of our knowledge,
however, no odd-numbered oxacalixarenes were reported
until now. Of particular concern for the synthesis of enlarged
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oxacalix[n]arenes (n > 4) isthe high thermodynamic stability,
and hence preferential formation, of the cyclotetramer, which
introduces the necessity of more kinetically controlled
fragment coupling protocols.®

In earlier work our group optimized one-pot SyAr proce-
dures toward oxacalix[2]arene[ 2] pyrimidines starting from
dihal opyrimidine precursors and resorcinol derivatives,® and
straightforward fragment coupling pathways ([3 + 3] and
[3 + 5] SyAr reactions) toward enlarged oxacalix[n]arenes
(n = 6, 8).% Upon simultaneous addition of the multiaryl
building blocks under more kinetically controlled reaction
conditions (K,COs, 18-crown-6, 1,4-dioxane, high dilution,
reflux), scrambling of the fragments was prevented to alarge
extent and the enlarged macrocycles were favored (over 70%
yield).®" By asimilar stepwise approach it should be possible
to synthesize odd-numbered oxacalix[m]arene[n]pyrimidines,
the “missing links’ in the oxacalixarene series, and inves-
tigations toward their synthesis and conformational behavior
were hence initialized.

First of al, a[2 + 3] fragment coupling approach toward
oxacalix[5]arenes was envisaged (Scheme 1). For this

Scheme 1. Synthesis of Oxacalix[3]arene[2]pyrimidines 5a—e
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purpose an electrophilic triaryl building block 1a (R; = Me,
R, = Ph) was prepared, combining orcinol (5-methyl-1,3-
dihydroxybenzene, 2a) and a slight excess (2.05 equiv) of
4,6-difluoro-2-phenylpyrimidine (3a) in acetone with K,CO3
base and 18-crown-6 (85% yield).®" The use of difluoropy-
rimidines over their dichloro analogues was preferred as a
noticeable improvement of the selectivity was observed
before for the synthesis of oxacalix[2]arene][2] pyrimidines.®™
3,3’-Oxydiphenol (4) was selected as the nucleophilic diaryl

127



precursor and could be synthesized by combining 3-meth-
oxyphenol and 3-bromoanisol in a Cu-assisted coupling
reaction and subsequent cleavage of the methyl groups with
HBr in acetic acid.** Coupling of the two complementary
fragments 1a and 4 under the previously optimized SyAr
conditions afforded the first oxacalix[3]arene[2]pyrimidine
5a (Scheme 1). After purification by column chromatogra-
phy, 5a was isolated in an acceptable yield of 57% (Table
1). Inaddition, 16% of thelarger oxacalix[ 6] arene[4] pyrimidine
6a was obtained.*?

Table 1. Scope of Synthesized Oxacalix[n]arenes (n = 5, 7)
SnAr R; Ry calix[5] (%) calix[10] (%)

[2 + 3] Me Ph 5a (57) 6a (16)
[2 + 3] Me SMe 5b (41) 6b (17)
[1+4] Me Ph 5a (68) 6a (14)
[1+4] Me SMe 5b (64) 6b (9)
[1+4] H Ph 5¢c (74) 6¢c (13)
[1+4] t-Bu Ph 5d (75) 6d“
[1+4] H SMe 5e (50) 6e”
SNAT R; R, calix[7] (%) calix[14] (%)
[2 + 5] H SMe 12a (73) 13a (8)
[2 + 5] SMe Ph 12b (59) 13b (14)
[3 + 4] SMe Ph 12b (66) 13b (11)

2 Could not be isolated in pure form.

Combination of diaryl compound 4 with bispyrimidine
triaryl precursor 1b (R, = Me, R; = SMe) under the same
[2 + 3] fragment coupling conditions afforded oxacalix[5]arene
5b in 41% vyield, together with 17% of oxacalix[10]arene
6b (Scheme 1, Table 1). The use of a 2-methylsulfanylpy-
rimidine building block implements the possibility to perform
substitution reactions, either by Liebeskind—Srogl or, after
oxidation, SyAr reactions. Such postmacrocyclization func-
tionalization options are rather specific for oxacalix[m|are-
ne[n]pyrimidines and highly interesting toward the prepa-
ration of a broad range of potential host molecules.®

When attempting to improve the oxacalix[5]arene yield,
a[4 + 1] fragment coupling strategy was also examined
(Scheme 1). To obtain the appropriate linear precursors,
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diaryl building block 4 was now first reacted with an
electrophilic 4,6-difluoropyrimidine (2.05 equiv) affording
bispyrimidine tetraaryl fragments 7 (7a: R, = Ph, 95%, and
7b: R, = SMe, 82%; Scheme 1). Upon reaction of tetraaryl
precursor 7a and orcinol (2a), an improved 68% yield was
achieved for cyclopentamer 5a, with an additional 14% of
cyclodecamer 6a. By combining 7a with resorcinol (2b) or
5-tert-butyl-1,3-dihydroxybenzene (2c), the respective cy-
clopentamers 5c¢ (74%) and 5d (75%) were also prepared in
high yields. Coupling tetraaryl derivative 7b with resorcinol
afforded bis(methylsulfanyl)oxacalix[5]arene 5e in 50%
yield, whereas combination with orcinol gave a dlightly
higher yield (64% 5b).

An aternative electrophilic diaryl compound, 6,6"-0xy-
bis(4-fluoro-2-methylsulfanylpyrimidine) (8), was obtained
as a side product during fluorination of 4,6-dichloro-2-
methylsulfanylpyrimidine. Simultaneous addition of 8 and
nucleophilic triaryl building block 9% (R, = SMe; see
Scheme 2) under kinetic [3 + 2] fragment coupling condi-

Scheme 2. Synthesis of Oxacalix[4] arene[3]pyrimidines 12a,b
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tions afforded pentaoxacalix[2]arene[ 3] pyrimidine 10 in 18%
yield (see the structure in the Supporting Information). The
rather low yield is most probably the result of the labile
bispyrimidine oxygen bridge, which can be envisaged to
cleave and promote scrambling more rapidly.

To expand the scope of odd-numbered oxacalix[n]arenes
and study their molecular recognition features on a later
stage, calix[7]arene macrocycles were also prepared. To this
extent a [5 + 2] fragment coupling strategy applying the

Org. Lett, Vol. 13, No. 1, 2011



Figure 1. Single-crystal X-ray structures for oxacalix[5]arenes 5b
(top) and 10 (middle) and oxacdix[7]arene 12b (bottom).

same kinetic SyAr conditions was performed (Scheme 2),
joining oxybisphenol (4) and trispyrimidine pentaaryl precur-
sor 11a (Ry = H, R, = SMe).®" An encouragingly high yield
of 73% was obtained for oxacalix[4]arene[3]pyrimidine 12a
in combination with 8% of oxacalix[8]arene[6]pyrimidine
13a (Table 1). Such an enormous oxacalix[14]arene mac-
rocycle has never been reported before (or at least not isolated
in pure form and adequately characterized).>® Upon com-
bination of diaryl building block 4 and pentaaryl fragment
11b (R; = SMe, R, = Ph) a somewhat lower yield (59%)
was obtained for oxacaix[7]arene 12b. As an dternative
procedure, with the previous successin mind, a[4 + 3] coupling
approach was also pursued (Scheme 2). Bispyrimidine tetraaryl
precursor 7a (R, = Ph) and nucleophilic triaryl derivative 9
(R, = SMe) were combined to obtain oxacalix[7]arene 12b in
66% yield (11% [14] 13b, Table 1).

Because of the wider dimension of their annulus,
calix[5]arenes are more prone to conformational intercon-

versions than calix[4]arenes. To elucidate the solid-state
structure of some of the novel oxacalix[5]arenes, X-ray
diffraction studies were undertaken.** Vapor diffusion of
pentane into a CHCI; solution of 5b resulted in suitable single
crystals (Figure 1). A distorted 1,3-alternate conformation,
which is dominant for oxacalix[4]arenes,>® can still be
recognized in the structure but the alternation is disrupted
at the stage of the oxybisphenol part: ring B breaks the
alternation order, whereas ring A adopts an amost parallel
(twisted) position in respect to the orcinol ring. X-ray
diffraction analysis of single crystals of 5¢c showed a very
similar “interrupted alternating” conformation (see the Sup-
porting Information), whereas for oxacalix[5]arene 10 the
alternation is disrupted at ring D of the bispyrimidine part
(Figure 1).

Inthesameway the solid-state conformation of oxacalix[10]-
arene 6b was analyzed, showing a stretched rectangular
conformation (more details in the Supporting Information).
A diffraction-quality single crystal of oxacalix[7]arene 12b
was also obtained (Figure 1, more details in the Supporting
Information).*324

In summary, the first odd-numbered oxacalix[n]arenes (n
= 5, 7) have been synthesized through efficient fragment
coupling approaches by using easily obtainable building
blocks. Straightforward access to these provisionally under-
investigated macrocycles provides a springboard for further
supramolecular research based on these novel cyclooligo-
mers.
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